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Three additional topics later emerged as important and are treated

in this report:

- Design Evolution and Configuration Management

- Software; Digital System Architeccture

Project Management.

EPOCH

The Electronics-X study program was organized during the period
October 1, 1972 to January 31, 1973, The main study effort commenced
February 1, 1973 and concluded July 31, 1973, Current results were
presented to and discussed with the Defense Science Board Task Force
on Electronics Management at its meeting at Woods Hole, Massachusetts,
August 6-17, 1973, Preparation of this report began subsequent to
that meeting.

REPORT FORMAT AND PREPARATION

This report is published in two volumes., The first volume, Ex-
ecutive Conspectus, is designed to present a rapid overview of the
reasons for the Electronics-X Study, the problems addressed in the
study, and the principal findings and recommendations. The second
volume contains the complete report, comprising the contents of the
Executive Conspectus plus detailed analyses, discussion, and backup

information.

As a product of the main study, a series of Electronics=X work-
ing papers were generated. Those papers formed a basis for this re-
port. They are available in the IDA Library to readers who wish to

pursue specific subjects in greater detail,

This report was prepared by Gates, Gourary. Deitchman, Rowan,

and Weimer, B. Roberts served as editor.
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I. SYNOPSIS, FINDINGS AND RECOMMENDATIONS

A. SYNOPSIS

Rising acquisition costs, poor field reliability of military
systems, shrinking quantities of weapons--these are the symptoms that
impelled the Director of Defense Research and Engineering to initiate
the Electronics-X Project at IDA with the purpose of reviewing the
process of acquisition and maintenance of military electronics and
recommending specific policies and procedures to remedy the situa-
tion. The magnitude of military electronics, its pervasive nature,
and its rapid growth led to its being singled cut as an area in which

massive savings might be achieved.

Out of a total DOD FY 74 budget of $81.1 billion, electronics
outlays total $15.3 billion. They can be categorized as follows:l

Billions
Electronics RDT&E $ 4,1
Electronics Procurement 5.8
Electronics Support 5.4
Electronics Total $15,3

The increasing complexity and parts count of weapons systems
electronics have caused declines in system reliagbility in spite of the
growth in reliabilities of individual electronic parts. The annual
support costs for military electronics are now almost equal to the
annual procurement costs and constitute more than one-third of all
annual expenditures on military electronics. Since military mainte-

nance is labor intensive, the increase in military compensation



designed to achieve and maintain comparability with civilian wages can
be expected to further inflate the costs of electronics support.

The charter for Electronics=X called for recommendations that
could be readily translated into implementable policies, procedures,
and practices. The study took into account broad principles recom-
mended by earlier investigations and sought specific data leading to
suggested approaches to a reduction of the costs of electronics ac-
quisition and support that would be consistent with the role of mili-
tary electronics: enhancing the combat capability and crisis readiness

of military forces.

The study identified problem areas, assessed the magnitude of the
problems, attempted to determine their principal causes, and then
formulated recommendations for eliminating, as far as possible, thocse
causes, Obviously, then, the recommended courses of action are not
unique solutions of the problems but rather represent the consensus
of best judgments of the Study Group. Some of the recommendations
necessarily call for an experimental or evolutionary approach to
solving particular aspects of problems, since the response tc major
changes in operating procedures of the complex DOD R&D, procurement,
and support apparatus, and in the interaction of that apparatus with
suppliers, cannot be predicted with confidence., The process of achiev-
ing improvement is one requiring feedback data and corrective action
as it proceeds. Thus, the need for innovative, aware, and responsive
management plays a very important part in the recommendations. It is
believed that the indicated directions of change clearly counter some
of the major causes of problems in electronics cost and reliability

and constitute reasonable initial steps in the evolutionary process.

This report is concerned with three kinds of costs: development,
production; and support. Empirical evidence suggests that, statis-
tically, production and support costs are positively correlated, but
that development etfort can be applied to reduce either one or the
other or the sum of the fwo.2 Because support costs occur in di'stant

years and are neither accounted tor by the project manager nor paid



ocut of current funds, the present management emphasis is on holding

down just the total of development and production costs, even though

lifetime support costs may dominate. Methods to internalize the sum

of unit acquisition and support costs to a single responsihle party

are needed if that sum is to be reduced.

Electronics=-X has concentrated on five major, high-impact areas.

Recommendations in each of those areas are presented in capsule form

below:

1.

Data Collection and Feedback.® A valid cbst and reliability

data base by electronic subsystem is needed ncw--not ten
years hence. An interim samplad-data collection procedure
for field reliability and marginal maintcnance costs is rec-
ommended that will provide valid input data and rapid feed-
back to manufacturers and to producer commands on selected
subsystems. The more gradual introduction of a complete and

uniform cost accounting system is also recommended.

Requirements.** Modification and extension of structured

management reviews are recommended to help uncover the real
minimum needs and to avoid hidden but costly risks. Per-
formance, physical characteristics, cost, quantity, and
schedule need to be specified in the initial requirements
statement, and tradeoffs should be carried on throughout the
acquisition cycle--all with a realistic but not immutable
perception of the real threat or need.

aleataols

Competition and Management Options.”** Policies and prac=-

tices are outlined with the potential to greatly increase the

freedom of acrtion and the alternatives available to DOD at

“For findings and recommendations in greater detail, see Sections
I-B-1 and I-B-2.

For findinys and recommendations in greater detail, see Section
I-B-B 0

For findinqgs and reconmendations in greater detail, sce Sections
?

I1-B-6, I-B-7, [-B~11], I=-B-12, and I-B-14,

2
=)



every point throughout the acquisition and maintcnance cycle,
The groundwork must be carefully laid to develop ~ompetitive
production sources of equipment and sources of maintenance
services. For many types of electronic equipment, this en-
tails standardizing interfaces to ensure interchangeability
of competing designs, preference for "what to ¢o" specifica-
tions over "how to do" specifications, avoiding lock=-in to a
single supplier, allowing technologicral evolution within the
constraints of interface specifications, and providing al-
ternatives to the current preponderance of military mainte-
nance and repair activity in the many cases where combat ef -

fectiveness is not really enhanced by military maintenance,

4, Reliability Enhancement.” The key to reliability is simplic=-

ity; purging requirements and specifications of questionable
or urnecessary design demands will simultaneously reduce ac-
quisition costs and support requirements. Quantitative re-
liab.lity requirements can and should be made realizable and
consistent with expected equipment complexity and should then
be achieved through formal factory and field programs aimed
at reliability growth., Transferring the maintenance burden
to suppliers through the use of long-term warranties, where
feasible, can be expected to motivate supplier effort toward
evolving increasingly reliable and maintainable equipment
decsigns and toward minimizing the sum of the production and

support costs.

5. Mairtenance Training.*® A reversal of current maintenance

training sequences is recommended to make earlier and more
efficient use of the scarce military manpower in this era ot

the volunteer force. This entails teaching green maintenance

“For findings and recommendations in greater detail, see Sections
I-B-5, I-B-9, and [-B-ll.

For findings and recommendations in greater detail, sece Section
I-B-10.
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personnel to do useful wcrk by making use of job performance
aids (JPAs) before leading them into engineering fundamentals.
The approach 1is expected to make new maintenance personnel

more productive during their initial enlistments.,

Individual findings and recommendations are presented in more de-
tail in Section I-B following. More extended analysis, discussion,

and backup can be found in the complete report.

The term "electronics" covers a broad array of devices, equip-
ment, subsystems and systems. Therefore, we have attempted to indi-
cate in the ensuing recommendations, where possible, the specific
classes of electronics to which they evidently apply. This gives rise
to the risk that certain concepts that we believe to be important may

be interpreted too narrowly. Specitfically:

The theme of encouraging and sustaining both design and price

competition through production, we assert, applies to many
large systems as well as to small equipments and should be
considered as a possibility in every case, although for large
systems specific analyses of alternatives will be required to

arrive at the best course of action.

The theme of substituting unit replacement for unit repair at
organizational maintenance levels and getting factory repair
through long-term supplier warranties as an alternative to
military repair, we suggest, has applicability wherever the
transportation facilities will permit, and the U.,S. military
is generally well supported with transportation., In any
event, electronic unit replacement will not impose a signifi-
cantly greater overall burden on transportation than will
field repair. Furthermore, analysis on a military-mission
basis can be used to determine appropriate tradeoffs in place
of the past a priori assumption that in most cases field re-

pair is both necessary and desirable,

The concept ot enconrdgying evolution of internal design and

modifications to enhance reliability within the constraints
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of interface standards, we well realize, opposes the conven-
tional wisdom that spares stocking and nilitary repair will
become burdensome if internal configurations are not firmly
fixed, but we believe that exaggerated concern with internal
configuration control before achieving reliability objectives
has in a good many cases exacerbated rather than relieved the
maintenance burden. However, rigorous configuration control
at standardized interfaces is clearly essential.

B. FINDINGS AND RECOMMENDATIONS

1. Cost Data Collection and R:porting Systems
Finding:

Throughout the Electronics=-X Study, we have encountered a pro-
found lack of valid cost data and overwhelming inadequacies in che

pertinent reporting systems. More specifically:

® DOD appears to have no cost accounting system capable of
providing data on the full life-cycle costs of any elec-
tronic subsystem. Full life-cycle costs include RDTGE,
Procurement, OtM, Military Personnel costs, other direct
costs, allocable indirect costs, and depreciation or other
measure of capital investment in support equipment and
facilities. Maintenance costs and indirect costs, in par-
ticular, are very iinadequacely known from a cost accounting
point of view. Moreover, there is often confusion as to the
significance of the various reported costs because of in-
adequate or nonunitorm definition of cost elements. As a
result, cost estimation and cost=-eftectiveness tradeoffs

are difficult at best and often impossible.S

Recommendations:

*k A systematic effort should be undertaken to develop a step-
wise implementation of a complete and unitorm cost a count=

ing system throughout DOD, with emphasis on valid input

——————————

vk Highest priority; %k high pricrity; # priority,
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data. This system must be compatible with the cost account-
ing system for DOD contractors that is evolving under the
aegis of the Cost Accounting Standards Board. It must al-
low meaningful comparison between Service in~house costs and
contractor costs on individual systems, subsystems, and
equipments. As a first step, a marginal cost system using
sampling techniques for support-cost inputs should be imple-
mented. The system must then evolve to cover full costs of

both acquisition and support.

** A central organization within OSD should be designated to
organize this cost information system and to coordinate the
efforts of responsible Service elements.

* To test and exercise the system, each Service major procure-
ment command should designate certain electronic systems for
review of cost reporting requirements. Appropriate steps
should be taken to ensure consistency among the report out-
puts, complete record retrieval, and periodic validation of
the reported costs. These records should be centrally lo=-
cated and should be made available to the cost analysis

community,

2. Reliability Data Collection and Reporting Systems

Findings:

® There is no routine field-reliability reporting system in
DOD that can provide meaningful feedback to producer com=-
mands and to manufacturers on the field reliability of
electronic subsystems. Existing maintenance data collec-
tion systems were not originally designed for reporting
reliability data, and they do not perform this function
adequately. Moreover, there is considerable confusion in
the terms used to describe reliability. They are first

used in specifications in one context and are then employed

*%% Highest priority; #& high priority; % priority.
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in field reports in another context. The field-use environ-
ment and the field-maintenance environment arc not adequately
quantified in field reports to cnsure consistent interpre-
tation of field data. Thus, field information is ambiguous
at best. This poses a difficulty in predicting and specify-
ing reliability and in comparing the attained field relia-
bility with the specification.

® There exists one reliability data collection system that ap-
pears to be working effectively: TAMMS-SDC, a data-sampling
system used by the Army. It utilizes technically trained,
experienced field service personnel to sample reliability
data and certain other information according to individu=-
alized sampling plans. It thus provides a possible model
for the rapid, cost-effective implementation of a data col-

lection system for selected equipments.4’5

Recommendations:

% In each major producer command (AMC, NMC, AFSC, AFLC), es-
tablish (or broaden) a system for competent technical re-
porting of reliability, availability, and maintainability
(RAM) and marginal cost feedback information from the field
on selected systems and equipments, using sampling methods.
Identify in each such command a data=-sampling planning or-
ganization to plan and outline in detail the sampled infor-
mation to be collected and the sampling nethods to be used,
and designate a suitable data-processing activity to process
and distribute the outputs of the data-sampling system.

Prime candidates for sample data collection are:

- Newly deployed systems during the first year of operation
- Systems/subsystems deployed in large quantity
- Subsystems/equipments critical for the operation of

major systems or being procured as GFE for major systems.

*ik HHighest priority; #% high priority; # priority,
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*x Organize a RAM Data Systems Task Force, representing the
several Services and chaired by OSD, to study and compare
the relative cost-effectiveness of a routine maintenance
data collection system (such as 3M or AFM 66-1) with a
sampled-data collection system (such as TAMMS-SDC). Con-
sider and recommend the advisability of possible courses
of action such as the following:

1. Discontinue routine processing of TAMMS-Aviation, 3M,
and AFM-66-1 RAM data at the national level, Replace
these systems by sampled-data collection systems.

2. Continue processing at the national level all safety-
related RAM information, such as 3M-Aviation, AFM 66-1,
and TAMMS-Aviation., Supplement these systems by periodic
sampling studies to check and improve the information
collected by the maintenance data collection systems.

3. Extend the maintenance data collection systems to the
depot level in selected cases and ensure that all cost
information and RAM information is compatible in format
(Single-Thread Data System) so that it can be aggregated

by system.

* Establish a new RAM Information Exchange Program at the
electronic equipment level in a form patterned after the
Government-Industry Data Exchange Program (GIDEP). It
should

- Provide automatic interchange of RAM data related to
parts, components, equipments, subsystems, and systems

utilized by the Services.

- Have participants from Army, Navy, Air Force, NASA,
Canadian Military Electronics Standards Agency (CAMESA),

and numerous contractors.

- Be chartered by Joint Logistics Commanders.,

% Highest priority; #& high priority; % priority.
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- Provide a forum for an organized direct exchange of this
information with other Services and with all interested
contractors.

3. Regquirements and Acquisition Decisions

Findings:

A requirement for a system or subsystem may be defined as
including performance, physical characteristics, cost,
quantity, and schedule--all in conformity with a statement
of threat or need. While the overall requirements and ac-
quisition decision process includes attention to all these
components, the current approach to establishing a require-
ment tends to start with desired performance and character-
istics, Cost, quantity, and schedule are modifiers, added
later. Thus, requirements tend to be performance-driven,
with inadequate early consideration of pragmatic essentials.6

The requirements and acquisition decision process includes,
at least formally, the attributes necessary f .r effective
management of system acquisition. In actual implementation,
however, cost-driving aberrations of the process occur at
several stages: in establishing the original requirement
and in expanding it into system characteristics and specifi-
cations; in the interactions between management practices
and advanced technology; in cost estimating; and in con-

tracting practices.6

Costs of progressions of wholly new=-generation weapons sys-
tems have increased much faster than costs of progressions
of product-improved systems, even when the product improve-
ments have involved incorporation of new generations of
electronic subsystems., This suggests that cost savings
would result if, in establishing requirements, within-
generation system improvements were favored over totally,
new-generation developments, where that is feasible within

the uncertainties of threat or need. The additional costs

10
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of new-generation systems appear to arise partly from trying
to drive new vehicle, engine, and electronics developments
all to the same schedule, and partly from the engineering
difficulties in achieving compatibility among all three when
none of them is yet defined well enough to permit prediction
of the interactions when they are combined. This suggests
that cost savings could be achieved if electronics IOCs were
established separately and independently of vehicle IOCs,
when feasible, and the electronic subsystems were independ-
ently developed. The specification of form, fit (interface),
and function requirements for the electronics is essential
to such independent development. Independent development
would make possibtle the consolidaticn of requirements for
like electronic subsystems and equipment and would broaden

the applicability of specific designs to several systems.6

Other important aberrations of the requirements process lead-
ing to cost growth include: selecticn of desired operating
points too high on the cost-performance curve; failure to
allow for uncertainty in selecting the operating point; cas-
cading of detailed requirements between the decision and
detailed implementation levels; and failure to iterate re-

. . , , . 6
quirements decisions as development experience is gained.

There is insufficient visibility, at top management levels,
of potentially cost-driving electronic subsystem problems.6

Recommendations:

"k In exploring and establishing a system requirement, give

performance, physical characteristics, cost, quantity, and
schedule equal status from the beginning, and perform trade-

offs among these early in the game,

In major system developments, scparate vehicle IOCs and
electronic subsystem IOCs where possible, and develop the

*i%x Highest priority; #% high priority; & priority.
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electronics independently. Consolidate like subsystem or

equipment requirements whercver feasible,

Increase visibility to top-level management of potentially
cost=driving developments of electronic subsystems associ-
ated with major systems by instituting suitable rcview prior
to each DSARC review. As appropriate, provide for a similar
visibility to management of developments of less=-than-major
electronic subsystems and equipments by refocusing reviews
to make them analogous to DSARC reviews, but at lower man-

agement levels.,

Give increased consideration to product-improvement pro-
grams as a means of fulfilling new requirements, as opposed
to institution of whclly new development programs.

Select technology and performance objectives for new develop-
ments conservatively (i.e., low on the cost=-performance
curve), except in cases where military necessity imposes an
overriding need for risk-taking to achieve extremes of per-
formance. Allow for uncertainty in establishing the corre-

sponding system requirements.

Iterate requirement and acquisition decisions if performance,
characteristics, cost, quantity, or schedule departs sig-
nificantly from initial plaas during development., Establish

criteria to trigger such iteration.

4, Design to Cost

Findings:

Design to cost (DTC) in defense systems acquisition is still
in its infancy. BAmong the problems yet to be solved are:

- How to establish the cost target in view of the lack of
an adequate data base and limited cost-estimating tech-

niques.

wkk Highest priority; #& high priority; « priority.
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- How to resolve the uncertainty for the user resulting
from continual cost-performance tradeoffs and their
potential ¢ffects on force size, capability, and logistics.

- How to incorporate commercial cost-saving practices in
DOD DTC procedures when motivations and accountability

are basically different in the two sectors.

- And how to extend competition thihugh the acquisition
cycle, especially for acquisition of largye-scale systems

N 7
and for large-scale procurements,

Institutional factors, established ways of doing business,
and organizational inertia still lead to DTC procurement
practices not consistent with the DTC philosophy, such as:
provisions for separate evaluations of the cost and the
technical aspects of the proposals, thus precluding the
requisite tradeoffs;7 requirements for too early and too
detailed configuration control that will interfere with
evolutionary improvements;8 inflexible application of re-
strictive specifications on materials, parts, processes,
and finishes;9 and various other restrictive provisions.

DTC developments may be more expensive than traditional de-
velopments in which production cost is not invoked as a de-

s 10
sign parameter,

Wholehearted implementation of LTC in military electronics

implies:

- Creater reliance on proven technology, with technological
advance driven largely by the commercial sector in areas

of brcad commercial usage.

- Changed logistics procedures, including more detailed
analyses and regular consideraticn of the alternatives
of contractor maintenance or of "zero maintenance" (i.c.,

throwaway parts or components).

13



- Use of interface standardization and the resultant evolu=
tion of several competing interchangeable designs, with
consequently increased logistic complexity. Such added
logistic complexity can be more tolerable if the afore-
mentioned changes in maintenance concepts are imple-

mented.7

® The experimental and other major-system DTC acquisitions
initiated in 1972 will not be complete in time to provide
DOD the experience needed for other acquisition programs in
the near future. DOD will therefore probably have to at-
tempt to act on "lessons learned" before the "experiment"

is completed.7

® The ASPR includes no barriers to DIC, but some associated
contract implementation practices of long standing must be
changed to obtain the full flexibility that DTC requires.7

Recommendations:

ik Choose easily defined DTC cost targets such as unit produc-
tion or flyaway costs (rather than, for example, the pres-
ently still ill-defined life=-cycle costs; but see next
paragraph). Establish s.uch targets early, permitting suc-
cessive revisions during development, contractual commitment
to a unit cost for low-rate initial production (LRIP) at the
start of LRIP, and another contractual commitment for unit
cost at the start of full=-scale production for systems to
be procured in quantity. Flexibility to revise cost targets
should decrease and should be based increasingly on tirm

experience as the development-to-producticn cycle progresses.

[{ the equipment is to be maintained by the supplier
under.long~-term warranty, the DTC target can be established
as the sum of the production cost and total warranty cost;
this sum may be considered a surrogate tor life-cycle cost,

e Highest priority; sk high priority; % priority.
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But if military maintenance is contemplated, cstablishing
life-cycle cost as a DTC target is not now appropriate be-
cause of the inadequacy of current knowledge of the cost to
the Government of military maintenance, and of the dependence

of these costs on equipment parameters.

%k Establish explicit limits of deviation from "desired" per-
formance/characteristics/cost/schedule/quantity requirements,
and authorize program managers to trade off freely among
these separate requirement parameters within the established
limits, Establish "desired" parameters and permissible devi-
ations anch that tradeoffs are in fact possible and not sub-
ject to hidden constraints due to technical feasibility,
absolute force requirements, or available budgets.

%k To the extent feasible, maintain design and price competi-
tion throughout the acquisition process, especially for

components and subsystems.

*ik  In the contractor selection process, ensure that performance
and cost are considered together rather tia . evaluated

separately,

** This study identified only one DTC acquisition, namely, the
Navy electronic warfare suite, that uses the approach of
specifying equipment needs and requirements functionally,
leaving it to the competing contractors to propose optimal
develcpment and production strategies to maximize payoff to
both the Government and the contractors, and including
maintenance strategies among the variables. More experi-

mentation with this approach should be undertaken,

* Increase the number of DTC acquisitions of electronic sub-
systems designated as "experimental" for observation and ex-

traction of "lessons learned." Include in these observa-
tions the electronic subsystems of the 17 major systems
designated as "design to cost" in early 1973.ll In further

ik Highest priority; #% high priority; % priority,
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experimental DTC acquisitions, seek wider variation of the
management variables relevant to DTC (for example, tradeotfs
among requirements, program manager's frecdom to trade off,
competition throughout the acquisition cycle, and different
types of contract). The Services should publish "lessons
learned" periodicallv to maximize the pool of explicitly

analyzed experience available to all,

** Review the contracting procedures associated with DTC con-
tracts, modify those that inhibit requisite DTC flexibility,

and incorporate the modifications in the ASPR, if necessary.

5. Design for Improved Reliability

Findings:
® The essence of reliability is simplicity. Empirical evidence
indicates clearly that most equipments of high unit produc-
tion cost or high complexity have lower MTBF than equipments

of lower unit production cost or lower complexit:y.l2

¢ The reliability of electronic components is improving rap-
idly, and design revisions to incorporate modern technology
at the appropriate stage of maturity ~an substantially im-
prove electronic equipment reliability without detriment to
performance. However, premature or inappropriate applica-
tion of new technology leads to reduced utility.13

® Few military development programs are aimed at increasing
reliability through simplification or technological up-
grading while holding performance constant.

® Attainable reliability can be crudely predicted on the basis
of equipment complexity or unit production cost. Relia-
bility requirements in specifications, however, are not
based on such predictions and thus are frequently impossibly

high or needlessly low, 12213 :

Wik Highest priority; #% high priority; # priority.
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® System partitioning into LRUz ~r WRAs can be devised in a
way that minimizes support costs, if this aspect of system
design is considered simultanecusly with planned provision-

ing and maintenance practices,

® The Jrowth of measured reliability is often sluggish in the
factory, After the equipment is received by the Services,
the field reliability often never achieves growth; rather,
it declines. Formal reliability monitoring and management
can speed reliability growth both in the factory and in the

field and make the ultimate cost and outcome predictable.13

® Motivating a contractor to design for minimum life=-cycle

cost is an important potential stimulant to reliability im-
provement, One approach is to make the contractor respon-
sible for maintenance as well as production costs through
the application of long-term warranties. But complete
transfer of an unlimited maintenance risk to the contractor
may be impractical, as may be seen by analogy to the fail-
ures of the total-package procurement process. It 1is neces-
sary to devise new ways--possibly new types of warranties--

to accomplish this in a pragmatically acceptable manner.u’14

Recommendations:

*k¥ Limit the complexity of new subsystem or equipment designs
(as measured by criteria such as unit production cost or
parts count) to a level consistent with the reliability re-
quired by a mission analysis. Require evidence of compli-
ance as a preliminary to DSARC review for electronic sub-
systems of major systems, and as a preliminary to sub-DSARC

review for independently developed electronic subsystems.,

#*k* Require contractually the in-plant use of a formal manage-

ment methodology, such as methods using Duane-curve monitor-

ing,l3 to ensure reliability growth in electronic equipments

** Highest priority; #% high priority; % priority.
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and systems. For field-reliability enhancement, a formal
reliability-growth management technique should be applied
(by Service management action or contractual requirement) to
selected equipments on an experimental basis.

¥k Use long-term contractor maintenance warranties to motivate
the contractor to design for minimum life-cycle cost. [See
the later recommendations on warranties (Section I-B-11) for
further details.]

¥k Specify the reliability of electronic equipments or systems
to be consistent with predictions based on their anticipated
complexity (or unit production cost, as a surrogate for

complexity).

¥ Undertake redesign cf selected equipments with the specifi
objective of improving reliability while holding performance
constant, The selection of equipments to be redesigned
should be based on expected future utility eni an observed
reliability substantially lower than that predictably real-
izable by using up-to-date, proven technology.

6. Design to Facilitate Competition

Findings:

® Competition is a missing ingredient in about two-thirds of
military prime contract awards. Even when a program does
admit development competition, there is a strong tendency
for the Government to become locked into a single supplier
in subsequent production. The loss of Government freedom
of action permits suppliers to force prices up by various
devices. The use of large-scale, multiyear buys exacerbates
the risks to both the Government and its suppliers, as well

as inducing design stagnation in the equipment procured.15

%k Highest priority; & high priority; % priority.
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® (Competition among similar equipments designed by different
suppliers and the upgrading of the electronics complement
of weapons systems are both now severely inhibited by the
lack or interchangeability among like equipments and the
consequent high cost and enormous inconvenience of modify-

ing installations to accommodate substitutions.g’16

® In commercial airline electronics and elsewhere in the ci-
vilian economy, interface standardization and continuing de-
sign and price competition are used to hold,prices down,
maintain alternative sources of supply, encourage design im=-
prcvement, and allow for interchangeability among successive
generations of electronic subsystems. Periodic buys spaced
over the procurement period minimize the impact of buyer or

. . 16,17
supplier error in any one contract.

Recommendations:

%k L[ay the groundwork for future design and price competition
through production and for ready replacement of old designs
by new=-generation equipment by ensuring the interchangea-
bility of similar equipments intended for similar applica-
tions. Accomplish this by including (or by requiring prime
contractors to include) mechanical, electrical, and environ-
mental interface standards for each unit as a part of mili-

tary electronic equipment specifications.

Require design interchangeability when production com-
petition or design upgrading is foreseen as desirable or
likely. Equipment classes that, by virtue of large doller
volume or rapid technological growth, are judged ripe for
initial application of interface standardization are: air-
borne communication, navigation, identification and weather
radar equipments; vehicular communication equipments; and

modular electronics packages for tactical missiles,

** Highest prioritv; # high prioritv; % priority.
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wirk  Modify approval processes for engineering-change pr .osals
to expedite incorporation by suppliers of internal design
improvements to enhance reliability and performance or in-
clusion of new technology to meet competition during the
procurement cycle and even after deployment, if the suppliers
are called upon to maintain their equipment. But kcep rigid
control over interface configurations to ensure interchange-

ability.

%k  Obtain multiple developments of equipments conforming to
interface specifications. Where the potential market for
the equipment is large enough, encourage industry-financed
development; otherwise, procure multiple developments under
Government contracts.

Wik Facilitate Government testing and qualification of designs
offered in compliance with the specitications, whether or
not the designs were developed under Government contract.
Plan, prepare, and provide for retesting and requalification
of modified designs submitted in production competitions

subsequent to the initial competition.

vk To overcome the potential problem of spare-parts stccking
and field repair of multiple equipment configurations, make
use of depot repair or supplier maintenance under warranty.
In the field, replace rather thar repair failed replaceable
units of equipment. Include warranty requirements when

initiating development.

** To achieve multiple-source availability, rely on performmance
specificaticns plus environmental and interface requirements
(i.e., "form, fit, function” specifications) to define
equipment, rather than imposing detailed specifications on

parts, processes, materials, and internal configuration.

*irk Highest priority; w high priority; % priority,
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* To broaden the markets for competitive suppliers, encourage
the evolution of multi-Service interface standards.

7. Production

The following broadly stated findings and recommendations apply
in such a surprisingly large variety of situations that we have chosen
to state them without detailed recitation of numerous and important
exceptions in order that their potential applicability be studied in
every case. Yet their validity clearly varies, depending on the class
of electronics involved. In general terms, they are rarely valid for
the one-of -a~kind, not-too-high-priced item. They are almost always
true for large-number, high-dollar production contracts. In between,
their validity varies, and the applicability of these recommendations
should be studied carefully, not dismissed a priori. An important
consideration, for example, is unit development cost versus unit pro-
duction cost. Another is the required degree of integration of the
subsystem with the overall system.

Findings:
® Production-price competition generally reduces the cost of
military electronics. The cost reductions resulting from
competition often substantially exceed those realizable by
extending the price-quantity projections ("learning curves")
of the original suppliers.18

® Aggregating requirements into a single, large, multiyear
procuremerit not only precludes the cost reductions obtain-
able from competition but also makes the Government vulner-
able to upward price pressures by the selected supplier and
induces design stagnation.

e The potential benefit of competition in reducing production
costs is larger in high-dollar-value items and large con-

tracts than in smaller ones, but is seldom pursued because

ik Highest priority; s high priority; % priority.
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of inhibitions against incurring the additional front-end

|, e (
costs associated with establishing a second source.le’?J

Production competition may be expected to cut a substantial
amount, such as 20 percent, from total production costs.

The potential savings are often more than adequate to com-
pletely finance a competitive development, depending on the
ratio of development costs to production costs and on the
period over which planned procurements are to take place.
That period is often determined by factors such as budget
limits and the need for maintaining the defense industrial
base rather than by optimum production scheduling; however,
the high cost of accomplishing these other objectives should

be reconsidered.19’20

'here feasible, carrying on design competition as well as
price competition through production will encourage a suc-
cession of technological improvements to the product that

will mitigate the pressures for drastic design changes.lg’zo

Sustaining design competition through production requires
Government procurement strategies that differ from those of
the traditional competition for production of a single se-
lected design. Losers of an initial competition must be
offered inducements to continue upgrading their designs,
and potential new competitors must be offered inducements
to develop competing designs. The development effort re-
quired may impose substantial finan-ial risks on the devel-
opers. To encourage the taking of such risks, the Govern-
ment must be able to provide credible assurance that such
risk-taking has reasonable expectation of realizing rewards
by winning future competitions. A concerted effort should
be made tc identify systems, subsystems, and components to

which this approach is applipable.l6’l7’19
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Recommendations:

wx  Where the quantity to be bought is large enough, depart
from the conventional approach of aggregating procurements
into a single large buy intended to take advantage of
"learning curves." Instead, fragment the procurements into
sequential buys, inviting design and price competition on
each buy by the several suppliers of qualified interchange-
able equipments.

% The Government must assure prospective suppliers that there
will be future design and price competition. One method of
so doing is to analyze and publish future needs and a
schedule of planned competitive buys.

¥k The Government must provide assurance that new or improved
designs will be given full consideration in future competi-
tions if they meet the form, fit, and function requirements
that ensure interchangeability with prior designs. This
implies the need for inclusion of interface requirements in

Government specifications.

wik  The Government must offer to perform and must be prepared to
perform laboratory tests and evaluaiions of the actual hard-
ware prototypes offered by bidders or prospective competitors
in order to qualify the designs for current and future com-

petition.

* When it is desirable and necessary to sustain competition,
award fractions of each buy to two or three competitors in
proportion to the merit of their respective designs and
prices, rather than making the award on a winner-take-all

basis.

sk Highest priority; #% high priority; % pricrity.
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8. Reprocurement

Finding:

Where a single design must be pro ured and later reprocurccd,
experience has shown that dependence upon reprocurement data
packages to enable a second source to reproduce the desian
has often resulted in failure because the original repro-
curement data package cannot convey all the information re-
qu-red for successful production of the design. On the
other hand, there is abundant commercial experience with
successful licensing and second=scourcing, which occurs when
the original vendor believes that having an eftective second
source is essential to his own profitability. In such —ases,
the vendor conveys the intormation not just via a data

2
package but also via actual people-to-people ontaxt.‘l

Recommendation:

i

Findings:

In selected development coritracts where subsequent competi-
tive reprocurement is anticipated, the Government should
provide a payment to the developer for each accepted unit
produced under Government contract from the developer's de-
sign by a supplier other than the developer. This payment
should constitute a deferred part of the compensation for
the reprocurement data package. Such a contracting pro-e-
dure should be used by the Government on a trial basis.

9. Maintenance

® Annual DOD expenditures for electronics maintenance are es-

timated to approximate those for production proc-urement

22
(more than &% billion).”
As indicated in prior findings, electroni s maintenan ¢ cost
visibility is needed before management action to redu ¢ cost

#irk Highost priority; ## high priority; # priority,
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can be maximally effective. DOD cost reporting systems do

not now provide this visibility,

While there is competition in the procurement process, com-
petition among maintenance sources is rarely used as an in-
ducement co reducing costs. Only a small fraction (about

8 percent) of the maintenance effort is contracted, while
more than SO percent is performed by military maintenance
personnel and activit:ies.22

The DOD policy guideline that at least 30 percent of mission-
essential depot maintenance be done on contract is not being
followed in electronics by the Army and Navy. The Army con-
tracts out about 7 percent and the Navy 16 percent. (The

Air Force figure is 35 percent.)2

Because of increased pay rates and increased turnover,

training, and support costs, maintenance by unifurmed per-

sonnel is likely to be more expensive than maintenance by

contractors or Civil Service, although the lack of good cost
A 23

data masks the issue,

The provision of maintenance billets at U.,S. bases to ac-
commodate rotation of military personnel from overseas com=
plicates the use of civilianization as a cost-reducing tech-
nique. Such rotation billets should be carefully identified
as a cost element other than maintenance so that their cost

can be properly ascribed.23

The present accounting system does not allow a c¢lear separa-
tion of true maintenance costs from costs of nonmaintenance
functions performed by military personnel occupying mainte-
nance billets. Nor does the system allow a cost comparison
between military and contractor maintenance or between two

different military facilities.”’
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Recommendations:

¥k As recommended earlier, institute a cost accounting system
that will afford visibility of the maintenance process and
make possible realistic .cost comparisons between military
and industrial maintenance, Implementation in all the Serv-
ices of the Uniform Depot Maintenance Cost Accounting and
Production Reporting System (0SD Instruction 7220.29) would

be an important part of such a system,

% Provide separate accounts for {unctions other than mainte-
nance, such as the use of U,S. maintenance billets to facili-
tate the rotation of military personnel not involved in

maintenance, or for personnel in training.

Wk Establish alternative sources of maintenance, including the
maximum feasible amount of contractor maintenance, to foster
competition and resultant efficiency in the maintenance
process and to ensure the proper utilization of scarce mili-
tary personnel in the present zero-draft environment,

% Intensify efforts to reduce field maintenance by shifting
complex tasks from the organizational and intermediate
levels to the depots, taking due account of increased turn-

around time and cransportation problems,

10, Maintenance Training

Findings:
® There is high turnover among electronics maintenance per-
sonnel, The training period is long, and personne. seldom
become productive until the end of the initial enlistment
period. The median level of experience is less than 3
years. These factors result in an expensive and unproduc-
tive maintenance force, high training cost (averaging

$3000-$10,000 per man=-year), and high turnovor.23

wk Highest priority; #% high priority; % priority,
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e A training sequence in which a trainee {irst learns to per-
form maintenance tasks on specific equipments and defers
learning general theorv gives him early capability to do
productive work and prepdares him for later advanced study.
This training sequence is the reverse of the current

24
process.

® Successful, speedy, and accurate performance of maintenance
tasks by green technicians can be made possible by the use

of fully proceduralized job performance aids.24

Recommendations:

wkk Develop fully proceduralized job performance aids for use in
routine maintenance of new weapons systems and for selected

tasks in high-maintenance portions of existing systems.

*kk Selectively, on a trial basis, reorient the training se-
quence for electronic technicians so as to provide first the
specific training they require to perform maintenance tasks
by using proceduralized aids during their initial enlist-

ments.

* Increase research on job performance aids and on job-oriented
training to enable the utilization of personnel of lower
ability levels and to enhance learning on the job. Apply

the results in selected training programs.

11. Warranties

Findings:
® Long-term contractor maintenance warranties provide a tech-
nique by which both production and maintenance costs can be
internalized to a single responsible organization: the

supplier.2J

wik Highest priority; %% high priority; % priority,
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Making the supplier-warrantor responsible for both produ- -
tion and long-term maintenance costs under tixed-price «on-
tracts will strongly motivate him to design equipment so as

to reduce the sum of these costs, which constitute a major

25

fraction of the life-cycle cost,”

The limited experience with long-term contractor maintcenan o
warranties to date suggests that they in fact motivate de-
signs and modifications to increase reliability, and that
the cost of contractor maintenance through warrantics is
substantially less than just the direct costs of military

=

maintenance on comparable irtems,.

Short-term warranties on materials and workmanship have been
extensively invoked in the past in military electronics pro-
curements, but such warranties have been ineffectual and are
not comparable to long-term contractor maintenance war-

ranties.

The use of long=-term contractor maintenance warranties can
serve as 4 competitive alternative to military repair of

electronic equipment.23’25

Long=-term contractor maintenance warranties have application
to any military electroric equipment whose failed units can
be replaced in the field and conveniently returned to the
contractor for repair, or to which the contractor can have

ready access for field repair.25

The costs of warranty maintenance should take into account
the cost of any additional spare replacement units required,
the costs of transportation for repair, and the warranty
costs themselves. These costs should be compared with the
costs of the spare components and the logistic system re-
quired to supply them to the field, plus the true direct

and indirect costs of military maintenance,
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e DPost-warranty maintenance options in liude warranty renewal,
maintenance contracts, or contractor trraining of military
maintenance personnel. Any of those oprions wotild alleviate

a1
the need tor excessively detailed data and manuals,’

e rial uppli. ation of long=term contract maintenance war-
ranties was requested of the Scervices by DDREE and ASD(ISL)

in a joint memorandum of 2/ August 1973,

Recommendations:

¥k Extend the application of lony-term contractor maintenari

warranties to military electronics procurements.

% Make known the intention to contract for maintenance war-
ranties on production equipment at the time development is
initiated, so that the ~ontractor will design to minimize

total costs of production and warrant, maintenance.

*dk Establish a warrarnty revisw group within OSD to monitor re-
sults of trial applirations, to determine desirable warranty
contractual formats, and to refine the categories of equip-
ments to which warranties are most applicable and for which

warranties are most effective.

%k Initially, apply long-term contractor maintenance warranties
to equipments whose failed units can be rerlaced in the
field and conveniently returned to the contractor's plant
or base for repair, or to which the contractor can have
ready access for field repair, such as: airborne communi-
cation, navigation, and identification equipment; modular
radars; vehicular communication sets; complex manpack equip-
ment such as LORAN C/D; forward-looking infrared (FLIR) sys-
tems; and domestic communication, data processing, and radar

installations.

¥k Highest priority; w high priority; % priority,
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12. Design Evolution and Configuration Management

Findings:

e A new DOD regulation, "Configuration Management," ic in the
last stages of signoff prior to official promulgation. It
will establish policies and practices applicable to all seg-
ments of DOD, As it now stands, this draft regulation still
has the following drawbacks:8
1. It unduly restricts the freedom required by a supplier-

warrantor to make the evolutionary internal design
changes he sees as needed to increase reliability and
thus to decrease the sum of unit producticn cost plus
unit contractor maintenance warranty cost.

2. It imposes a configuratio:n baseline at the end of full-
scale development. Thus, all changes after this point--
and experience shows tnere d4re many--must undergo the
formal configuration-change processing routine, a routine
that has otten led to delays in the past despite good
intentions and reasonable procedures.

3. Its effect would be to restrict the freedom required to
make tradeoffs between cost, performance, schedule, and
quantity in design-to-cost contracts.

® The draft regulation oroperly emphasizes the requirements
for meticulous configuration=status accounting and keeping
technical documentation current with the configuration,

Recommendations:

tk  The about-to-be-promulgated DOD regulation on configuration

management should be adopted with the following modifications:

1. It should specifically permit consideration of changes
that are of benefit to the contractor and not detrimen-

tal to the Government.

Wk Highest priority; #% high priority; % priority.
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2. It should establish two product baselines, the first a
"tentative" cne at the end of full-scale development,
and the second, "final" one when the design has been

adequately stabilized (see below).

3. It should permit intcernal equipment changes that do not
affect form, fit (compatibility and interfaces), func-
tion, price, or delivery to be classified Class II (as
defined in the regulation) in order to facilitate the
change approval process until the "final" product base-
line is invoked by the Government.

wkx  The Government should defer invocation of the final preduct

baseline, as applicable to electronic equipment, until field
reliability objectives have been achieved, or, in the case

of equipment under contrac. maintcnance warranty, until the
warranty period is about to end and the Government is about

to take over maintenance from the warrantor.

The Government should defer full spares stocking until after

the final product baseline is invoked.

13. Project Management

Finding:

Design to cost is a concept which depends for its success on
the flexibility and timeliness of management decisions.

Such decisions are usually best made at the project-manager
level, provided that the project manager has the requisite
authority--for example, sufficient authority to shift funds
from one program to another in a multiprogram project of -
fice, and thus to defer or eliminate lower priority tasks

in one program in order to expedite high-priority tasks in

another program, This reprogramming authority is present in

ik Highest priority; w% high priority; # priority,
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some multiprojram offices but is absent in-others, largely
be. ause different line items in the budget are often con-
trolled by different "sponsors" in the headquarters organi-

" ; : 2¢
zation, and each sponsor guards his share of the budget.””

Recommendat ions:

#%% llse the multiprogram project office ("basket" SPO) structure
for all independent electrenic subsystem development where
a number of related or similar developments can be jrouped
under one perpetual project manager (PM) to provide a PM ot
higher rank and greater authority, better project office
personnel, more responsive support from functional groups,

and more tradecoff flexibility.

#%k Provide multiprogram project offices with sufficient rlexi-
bility in the use of available R&D funds to allow the neces-
sary tradeoifs by the PM in the development, OT¢E, and LRIP

phases.

#% Arrange for the project manager cCr prospective project man-=
ager to participate in drafting the operational requirements
before developing specifications ror subsystems under his
jurisdiction.

#% Make available to system project managers catalogs of avail-
able electronic equipment that show current price and reli-

ability figures as well as technical descriptions.

14. Standardization and Specifications

Findings:
e In the rapidly moving technclogy ot military electronics,
the standardization that occurs because of repeated procure=
ments of the same design can result in technological stag-

nation, mediocre reliability, and excessive proliferation

#ik Highest priority; ## high priority; % priority.
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of alternative equipments. This has been exemplified by the
AN/ARC-34 UHF radio set and the AN/ARN-21 TACAN.27

By way of contrast, interface standardization at the black
box, LRU, or WRA level provides a practical form of stand-
ardization which has been shown to work both in the civilian
airline industry and in military mission-oriented equipment,
such as the Navy's Standard Missile. As used by the airline
industry, the interface standardization approach is combined
with functional specifications, that is, "form, fit, func-
tion" standardization. This has the advantage that while
the interface is standardized, the internal configuration ot
the unit can evolve as technology changes, taking advantage
of new devices and new materials. Interface standardization
can be used in conjunction with military standards for com=-
ponents and workmanship. Limitations on the evolution in-
side the unit result, but these specifications provide a
degree of insurance against the mistakes of an incompetent
or greedy vendor., In either case, technological progress is
not halted by standardization. Moreover, interchangeability
between old and new generations of electronics becomes a
practical reality, and the need for modifications to an in-
stallation to accommodate the new equipment is eliminated.
With interface standardization, production costs can be

held down by competition among interchangeable designs, and
new systems can be synthesized largely from proven standard

unit:s.27

Strict military environmental requirements imposed on equip-
men* and systems cause great increases in cost. The provi-
sion of more benign standard environments for electroni
equipments through control of humidity and temperature¢ and
isolation from shock and vibration would make possil.ic the

use of cheaper and more readily available devices.’
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® In an Grea as dynamic as electronic technoloyy, the vast DOD
system of military standards and specifications is too slug-
gish to follow the rapid advances in technology. But by
providing instructive guidelines for the uninitiated, it
does have the valuable function ot admitting novices in
military electronics design and manutacture to the competi-

tion for development and production of hardware.27

e Integrated-circuit development is being driven by commercial
rather than military demand, and the production prices of
such items produced .. commercial volume are very low, Mili-
tary equipment developers should make use of the existing
library ot commercial MSI and LSI components where feasible,
rather than entering into uniquely military integrated-
circuit developments; and dependence on a single source for

such components should be avoided wherever possible.28

e The impact of standardization and specifications on elec-
tronics cost is of such large magnitude that establishing
electronics standardization and specification policy should

be undertaken in the Office of the Secretary of Defense.27

Recommendations:

Wik DOD should establish an Electronic Standards Panel having

responsibility and authority to

Wik 1, Promulgate policy requiring that the Services in-
clude electrical, mechanical, and environmental
interface specifications in specifications for

electronic equipment.

w* 2. Promulgate policy requiring that the Services take
steps toward assuring that new electronic equip-
ments that are likely to replace older equipments

in aircraft, ground vehicles, and other platforms

vk Highest priority; #% high priority; % priority.
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will be made electrically, mechanically, and en-
vironmentally interchangeable with the older
equipments, of similar types, so that the new
equipments can be substituted for the old without
costly installation modification.

sk 3. Promulgate policy requiring that equipments, sub-
systems, or systems of similar types be developed
to the same interface specifications, so that they
may be interchanged.

* 4, Promulgate specific interface standards for classes
of equipment used by more than one Service.

% 5. Establish and promulgate standards for the thermal,
atmospheric, vibration, shock, mounting, shielding,
and power-source environments to be provided by
aircraft, ships, and vehicles in which electronics
is to be installed. This should include standards
for benign-environment enclosures wherever they
are feasible and cost-effective.

*k 6. With the concurrence of and to the extent author-
ized by the Military Communications Electronics
Board, establish and promulgate standards for the
signals to be transmitted or interchanged in co-
operative systems, such as communications, navi-
gation, and identification systems.

%% 7. Review Service forecasts of electronic equipment
needs in order to determine those types and classes
to which uniform standards should be applied, and
act to ensure that they are applied.

vk 8, Establish and promulyate DOD standards for the
multiplexing and interchange of dig: .al data among

electronic equipments within ships and aircraft.
%k Highest priority; wk high priority; % priority.
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w* 9. Promulgate policy designed to ensure maximum com-
patibility of military standards with commercial

practices.

w& 10. Review existing standards and specifications for
parts, materials, finishes, processes, and other
aspects of the internal design of military elec-
tronics to determine which of these should be

a, Strictly enforced

b. Subject to the substitution of the contractor-
validated alternative

c. Regarded as advisory only
d. Revoked,

The several general design specifications used in
most electronics procurements (e.g., MIL-E-16400,
MIL-E-5400, MIL~I-983) should receive particular
early attention.

*k 11,  Issue up-to-date guidance on military utilization
of standard commercial LSI and MSI items, with
particular attention to the need for multiple
sources and avoidance of military-unique designs.

% DOD Directive 4129.3 can be the vehicle for the establishment

of an effective electronic standards organization. In order
to accomplish this, the Defense Materiel Specifications and
Standards Board should, under paragraph VII B2 of the Direc-
tive, recommend the establishment of an Electronic Standards
Panel (ESP), with the authority and 1?2sponsibility to pro-
mulgate multi-Service electronic standards and promote the
cause of standardization of electronic equipments, subsystems,
and systems, both single-Service and multi-Service. The ESP
should be given the further authority to establish continu-
ing (as oppused to ad hoc) committees, to which may be

ik Highest priority; #& high priority; # priority.
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delegated segments of the authority and responsibility of
the ESP. Once established, the ESP should organize to under-
take formulation and promulgation of the policies recommended

above,

15. Software

Findings:

Software costs have exceeded hardware costs by large factors
in some military systems using general-purpose computers.
Boehm, of the Rand Corporation, reported that the Air Force
in 1972 expended between $1 billion and $1.5 billion on
software (that is, computer programs and associated docu-
mentation)--more than twice its expenditures on computer

hardware.29

Software developments are frequently behind schedule, causing

other costs to spiral.29

Software "unreliability" is a euphemism for software

errors.29

The complexity and extent of the software may well be a
measure of the mismatch between the hardware and the prob-
lem; ccnversely, by properly designing and structuring the

processor, the software problem can be mitigated.29

The major sources of excessive software costs in conven-
tional systems employing central uniprocessors are the

following:29

1. Selecting hardware and starting programming before the
system is designed in detail--that is, before the sys-
tem functions, organization, inputs, outputs, and trans-
fer functions are thoroughly defined. The flexibility
of the digital computer is used as an excuse to pro-

crastinate in system design.
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2. Overburdening the central processor with tasks that
can be accomplished by specialized peripherals.

3. Selecting too small a central processor, with consequent
overutilization of the computer and resort to bad pro-

gramming practices.
4., Program overintegration, which makes changeés difficult.
5. Lack of adequate discipline in software development.

6. Developing a new high-level programming language for

every job.

7. Starting programming before the computer design is
complete,

Recommendations:

To reduce costs of software in processors employing conventional
general-purpose machines, our recommendations are:

sk Complete the design of the system and the basic program
structure in substantial detail before making major commit-
ments to hardware or coding.

wk Limit the aggregation of problems to be solved on a central
machine; as an alternative, decentralize processing by pro-
viding peripheral special=-purpose devices (either analog or
digital) or separate peripheral general-purpose machines to

perform specific separable functions.

** Select a processor of adequate size to pe:rmit underuti-
lizing the computer; write highly modular programs; empha-
size structure and overall efficiency rather than hardware
efficiency alone.

#% Use rigorous discipline in software development, such as the

top-down Structured-Programming approach.29

*ik Highest priority; W high priority; % priority.
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wk Use a standard well-established programming language with
which programmers are thoroughly familiar. Use the highest
level language appropriate to the task at hand, but avoid
the unnecessary development of a unique language.

** Defer coding until the computer design is substantially
complete and firm, except for that necessary to verify
hardware~-software design compatibility.

16. Digital System Architecture
Findings:
e No current basis exists for the common assumption that con-
ventional centralized programmable uniprocessors are the

most effective or most economical bases on which to struc-
ture military tactical data syst:ems.29

o The cost of programming is escalating, while the cost of
standard computing hardware is plummeting; a new look is
needed at the balance between hardware.and sof+tware in sys-

tem architecture.29

e The advent of large-scale integration has led to the cheap
and plentiful implementation in hardware, on single chips,
of standardized complex algorithms together with memory.
With hardware implementation of a complex elgorithm, the need

for writing the algorithm in software is eliminated.29

e There is a growing library of these hardware-implemented,
standard, complex computing functions that makes possible
the synthesis of specialized processing units and the elimi-
nation of much of the software. The low cost and small size
of these units mitigate the need for time-sharing their use,
and permit distributed processing, federated architectures,
associative array processing,. and processing structures

specifically tailored to system fun('t:ions.29

sk Highest priority; s high priority; # priority.
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Recommendations:

The principal need in data-processing system design is a rever-
sion to the engineer's approach of first analyzing the prcblem, then
laying out alternate solutions, and then choosing and pursuing the

most effective and economical. Specifically,

wk* System-function-oriented processing-hardware structures
should be considered as alternatives to the conventional
centralized programmable uniprocessor for use in military

tactical systems.

sk The military processing problem should be clearly stated;
the system design should be spelled out in detail; and al-
ternate processor architectures and designs should be com-
pared before a hardware approach is selected.

¥k A processor design for each system should be selected and
developed that will minimize the combined costs of hardware
and software; the allocation of functions between hardware,
sof tware, and human operators should be consciously worked
out prior to decision,

*k Standard LSI processing elements available from more than
one source should be used to the maximum extent possible;
development of uniquely military LSI elements should be
minimized.

& Military laboratories should be encouraged to investigate
and develop processor architectures, including federated
architectures, that fit military problems and are cost-
effective. Conversely, their extensive efforts in the
programming of conventional uniprocessors should be re-
duced to bring the overall program into better balance.

*% Commercially successful processors for which software
already exists should be considered for DOD applications

wherever appropriate.

ik Highest priority; #k high priority; « priority.
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17. Data

Findings:

Formats and speeds for data interchange among sensors, actu-
ators, processors, controls, and displays should be stand-
ardized across service lines and for as wide a variety of

applications as practicable.

Costs

The cost of electronics technical data to DOD is very large.
It consists of the following: an estimated annual $600
million formally charged for data; hidden costs charged
under the headings of "engineering" or other categories of
direct labor; and Government costs entailed in requesting,
receiving, reviewing, handling, or storing technical data.
On the average, the fomal cost of data averages about 10
percent of RDT&E contract costs and 5 percent of production

costs, =

The largest cost items are handbooks and technical manuals,
which comprise some 35-50 percent of the total data costs

for electronics,

The data requirements are so massive that it is impossible
for Government personnel to review the submitted material

or to test its validity.30

Discussions with industry representatives show that the re-
procurement data submitted in response to contract require-
ments are not the data used for actual manufacture in the
contractor's plant; the plant may use numerical control
tapes, while the Government Jdata may consist of exquisite

india ink drawings on mylar.30

The submission of the data is often required too early to
be valid. For example, handhooks and provisioninj documents
may have to be submitted be{ore the equipment coesign is

stabilized.
Many of the data items required overlap.30
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In addition to these observations on the current course of events,
it is pertinent to note that, were cortain of the recommendations of
other sections of this report to be followed, some conventional data
requirements would be reduced or eliminated.

1. Were competitive ejuipments available from two or mcre sup-
pliers, the need for reprocurement data would be eliminated.

2. If direct transier of infomation from developer to second-
source supplier were encouraged by suitable incentives, the
reprocurement data package could be reduced in extent and
less rigid in fommat,

3. If equipments were repaired by contractors under warranty or
by specialists at depots, the extensive and explicit in-
structional documentation required for organizational re-
pair by technicians of limited capability could be reduced,
and good commercial-grade handbooks would suffice.

4, If competitive prototyping and test were the bases for ac-
ceptance of equipment designs, the need for voluminous in-
process validation data would be reduced.

Recommendations:

* A cept contractor's data format unless there is a demon-
strable advantage in specifying a Government format.

** Defer the ordering and delivery of contractor data until the
need is firmly established.

** Delay procurement of spares provisioning, technical manuals
and maintenance handbooks until the point of design stabili-

zation is identified and reached.

%k Scrub data requirements mercilessly through the efforts of
Data Requirements Review Boards that include represertation
of the project manager, the user, and industry.

ik Highest priority; #& high priority; # pridrity.
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* Where the equipment future is uncertain, buy options on
reprocurement data instead of the data itself.

The following recommendations, previously made in other contexts,
have been recast below to reflect their impact on data costs where
applicable.

e Use competing suppliers of interchangeable equipment to re-
duce the need for reprocurement data.

® Use contractor warranties and maintenance to reduce the
need for technical and maintenance manuals and provisioning
data.

e Rely on competitive prototyping and test as a substitute
for voluminous in=-process validation data (and as a sub-
stitute for myriad detailed specificatic s).

® As an alternative to formal and highly detailed reprocure-
ment drawings and specifications, require less formal draw-
ings and encourage more informal informmation transfer. For
reprocurement data, pay a fixed amount for the drawings plus
a fixed amount for each equipment successfully delivered by
the second source.

ik Highest priority; s high priority; # priority.
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10.

REFERENCES AND NOTES FOR PART I

In this table, RDT&E, Procurement, and Support each includes
those portions of O6M and Military Personnel costs that are al-
locable to that category. Support costs further include depre-
ciation of maintenance equipment and facilities, spares costs,
and warranty costs. The figures quoted entail a number of judg-
ments in the allocations, and these limit their accuracy some-
what without affecting the validity cf the conclusions based on
them., For a more detailed breakdown, see Table II-2 in Section
II-G of this report. For a detailed discussion, see Appendix B.

The data in Fig. II-5, Section II-H of this report, show a sta-

tistical relation between unit production cost of avionics equip-
ment and mean flight hours between failures (MFHBF); namely,

6

Unit Production Cost x MFHBF = $1.3 x 10  x hours.

Since the costs of support are roughly proportional to (1/MFHBF),

this implies that unit support cost is proportional to unit pro-
duction cost. An analogous conclusion is reached in IDA Study

S-392, Avionics Performance and Costs, Vol. I/, December 1971,

relative to the more narrowly defined mainterance cost (direct

labor, materials, and replacement spares) veing proportional to
unit equipment cost.

Sections III-A-2, III-A-3, and IV-G of this report.

Section III-A-5 of this report.

Annex to Section III-A of this report.

Section III-B of this report.

Section III-C of this report.

Section IV-D of this report.

Section IV-B of this report.

Section 1II-C of this report, as well as address by Dr. John S.

Foster, Jr., before Armed Forces Management Association/National
Security Industrial Association Symposium, 16 August 1972,
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30.

Table ITI-30, Section III-C-4 of this report.

Fig. II-S and associated text.

Sertion III-D of this report.

Section IV-A of this report.

Section III-E of this report, particularly Tables III-33 and III-
34, Also, Office of the Assistant for Cost Analysis, U.S. Army

Safeguard Systems Office, Should Cost/Will Cost/Must Cost--A The-
ory of the Cause of Cost Growth, June 1972.

Section III-E of this report.

See also Electronics-X Working Papers 21 and 23, available at
the IDA Library.

Section IIi-F-1 of this report, particularly data such as
Table III-3S.

Section III-F-1 of this report.

Based in part on numerous discussions with industry personnel who
cannot be quoted directly.

Section III-F-2 of this report.

Table II-2 and Appendix B to this report.
Section III-G of this report.

Section III-G-2 of this report.

Section IV-A of this report.

Section 1V-E of this report.

Section IV-B of this report.

Section II-J of this report.

Section IV-C of this report.

Section IV-F of this report.
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IT. BACKGROUND AND UNDERLYING ISSUES

It is common sense to take a method and try it. NP
it fails, admit it frankly and try another. But
above all, try something.

--Franklin Delano Roosevelt

A. TASK

The Electronics-X Study, as stated in the Defense Advanced Re-
search Project Agency's task assignmentl to IDA, was "to identify and
c¢valuate current and alternative DOD and industry policies, procedures
and practices in development, production and operational support (of
military electronics equipment) which most significantly influence
acquisition and life cycle costs and field reliability and to recom-
mend changes and improvements to reduce and control such costs and
improve reliability." The study has taken into account the published
results of concurrent related efforts undertaken under DDR&E sponsor-
ship by other organizations.

The program sponsor requested that the study recommendations give
emphasis, where possible, to specific mechanisms by which the Cepart-
ment of Defense might implement recommended changes in policies, prac-
tices, and procedures, and that the relative impact of implementing
the recommendations be assessed.

B. PURPOSE

The motivation for the Electronics-X task assignment is given in
the follewing statement:l "Sharply rising costs of electronics sys-
tems and unsatisfactory field reliability mandate an initiative by

DDR&E to lower the costs of military electronics equipment and improve
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its field reliability/maintainability, while still attaining accept-
able performance and schedules." In later sections (II-H and II-I)
we shall discuss the validity of the foregoing assertion and of the

underlying assumption that, in fact, electronics costs can be reduced

and reliability inproved.

C. SPONSOR

The Electronics-X effort was sponsored by the Assistant Director

(Planning), Office of the Director of Defense Research and Engineering.

D. RELATED EFFORTS

Several important study efforts have been completed in the re-
cent past, the objectives of which were ~xposing and suggesting solu-
tions to the problems of military equipment acquisition, reliability
and maintenance. The reports of the efforts on which the Electronics-X

Study has drawn most heavily are:

- Report of the Defense Science Board Task Force on Weapon=-

System Simplification (1970 Sururcr Study), sometimes known as

"the Phillips Report," which considers the problem of over-
specification of U,S., weapon-system capability. The report
recommends early est:ablishment of weapon-system cost goals,
iterative examination of alternative solutions and their
costs, and continuing tradeoffs of performance, cost, and
schedule throughout the development cycle; recognition of ex-
cessive projection of enemy threats; identification of the
few inviolable weapon-system performance requirements; use of
proven components and subsystems; competitive prototyping;
authority to reprogram cost savings; and purging of unneces-
sarily detailed specifications and requirements and of the

of fices that generate them.

Report of the Defense Science Board Task Force on Avionics (U),

February 1973 (S), sometimes known as "the Fubini Study,"
which pointed out that tactical-mission avionics acquisition
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costs are rising rapidly while defense equipment budgets are
declining, leading to an almost inevitable reduction in force
levels; and that these acquisition costs are but the tip of an
iceberg: invisible, below the surface, lie the massive in-
stallation and maintenance costs, which constitute 50 percent

or more of avionics life-cycle costs,

- Report of the Defense Science Board Task Force on Reducing

Costs of Defense System Acquisitions, March 15, 1973, some-

times known as "the Bucy Report," which compared military and
industrial practices in the development and procurement of

defense systems,

- Report of the Commission on Government Procurement, December
1972, which dealt with the promotion of economy, efficiency,

and effectiveness in the procurement of goods and services by

the Executive Branch of Government.

- Cost Growth in Major Weapons Systems, March 26, 1973, a report
by the Comptroller General of the United States to the Com-

mittee on Armed Services, House of Representatives, concerned
with the problem of unforeseen cost escalation in military
procurement and recommending adoption of certain managerial

practices,

As further background, Report From Wasteland, written by Senator
William Proxmire, a severe critic of current Defense Department prac-

tices, has proved educational. It challenges not only the efficiency

but also the integrity of the military procurement process.

E. FOCUS

There are three specific differences between the Electronics=X
Study and those major efforts that have preceded it. The first and
most obvious of these is in the focus of Electronics=-X on military
electronics as a whole, as oppc.ed to the broader perspective of

weapons systems or the narrower view of avionics,
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The second difference between the Electronics-X Study and most
of those that preceded it is that it focuses on reduction of total
cost of ownership, rather than just reduction of acquisition costs.
The study has been impelled in this direction by the Fubini Study,
which pointed up the large, largely uncontrollable, post=-acquisition
costs of ownership of electronic equipment.

The third aspect of this study that mckes it different is its
focus on the policies, practices, and procedures by which the Depart-
ment of Defense may reduce the cost and increase the reliability of
the electronic equipment it buys and uses.

F. WHAT'S DIFFERENT ABOUT ELECTRONICS?

It is useful to list those characteristics that set electronics
apart from other items procured by the military, in order that one may
understand why electronics is or should be treated difterently.

First, although electronics may stand alone in communications,
surveillance, electronic warfare, or tactical data processing systcems,
it is most commonly found imbedded in=--and more or less integral
with--weapons systems, the capabilities of which are dependent upon
electronic elements. Electronic equipment represents a large and
growing fraction of military weapons systems. Roughly 80 percent of
the dollar value of military electronics is in aircraft, missile, and
ship installations (Table II-1).

Second, the explosive technological growth in electronics has,
in recent times, been far more rapid than th2 growth of any other
branch of military technology. Efforts at taking advantage of this
evolution in the context ot system acquisilion practices geared to
more stable technologies have led to acquisition and maintenance cost
excesses., Approaches specific to electrcnics appear to be warranted.

Third, the rate of development of electronics is, in several
areas such as microelectronics, information processing, and display
technology, driven by commercial rather than military markets=--an
abrupt turnabout from previous years. On the other hand, the rapid
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technological advances in light intensifiers, lasers, infrared de-
tectors, inertial sensors, phased arrays, and cryogenic systems are
still driven by military rather than commercial needs.

TABLE II-1. ELECTRONICS COSTS FOR WEAPONS SYSTEMS AS PERCENTAGES
OF WEAPON-SYSTEM PROCUREMENT COSTS AND OF ELECTRONICS
PROCUREMENT BUDGET

Percentage of Percentage of
Electronics Weapon=-System Electronics
for: Procurement Cost@ Procurement Budget

Aircraft 30% 31%
Missiles 75 33
Ships 20 1o
Ordnance and 6 4

Vehicles
Communication 100 16

& Electronic

Systems

35ource: Ref. 2.

G. MAGNITUDES OF MILITARY ELECTRONICS EXPENDITURES AND INVENTORY

The budget of the Department of Defense for FY 1974 is $81.1
billion., Of this total, $8.1 billion is allotted to RDT&E, $16.5
billion to procurement, $21.7 billion to operations and maintenance,
and $22.5 billion to military pay and allowances. The total elec-
tronics content of the DOD budget is estimated2 at $15.3 billion,

allocated among RDT&E, procurement, and maintenance as in Table II-2.

The clear preponderance in the Government's share of maintenrance
expenditures, which amounts almost to a Government monopoly, is sig-
nificant, Its problems and its virtues will be discussed subse-
quently, As discussed in Appendix B (in Vol. 2), there is an evident
dominance of indirect costs over direct costs that contributes to
severe estimating uncertainties, a problem that will be discussed in

a later chapter,

51

el



TABLE II-2, ALLOCATION OF TOTAL ESTIMATED ELECTRONICS
CONTENT OF FY 1974 DOD BUDGET AMONG RDTEE,
PROCUREMENT, AND MAINTENANCE

Billions
RDTEE
Electronics Content, RDTEE Contracts $2.9
Government In-House Electronics RDTE&E 1.2
Total Electronics Content, RDT&E $ 4.1
Procurement
Electronics Content, Aircraft Procurement $1.6
Electronics Content, Missile & Space 1.7
Procurement
Electronics Content, Ship Procurement 0.8
Electronics Content, Ordnance & Vehicle 0.2
Electronics Content, Electronics & 0.8
Communications Procurement
Government In-House Electronics 0.7
Procurement Support ——
Total Electronics Content, Procurement 5.8
Maintenance
Contfact Electronics Maintenance $0.4
& Support
Government In-House Electronics 5.0
Maintenance —_—
Total Electronics Content, Maintenancea 5.4
TOTAL ESTIMATED FY 1974 MILITARY $§15.3

ELECTRONICS EXPENDITURES

d50urce: Ref. 2.

The value of the in-use electronics inventory is a question of
interest, since it is this inventory that determines the requirements
for electronics maintenance. From Appendix B, the inventory is esti-

mated as shown in Table II-3.
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TABLE II-3, FELECTRONICS CONTENT OF DOD IQUIPMENT [NVENTOFY
(dollars in billions)

All Electronics Electronics
Equipment Content Percentage
Military Equipment in Use $§110.1 Soils L 28%
Military Equipment in 44,1 S o 22
Supply System _
Total DOD Inventory $154,2 $40.8 26%

The sheer magnitude of the $15.3 billion figure associated with
military electronics expenditures for a single year is impressive and
provides such leverage that even small improvements in acquisition and
maintenance practices can potentially save large amounts of money.
The huge cost of electronics-related support has not been amenable to
accurate estimate, largely because of the inadequacy of the DOD cost
accounting system in establishing the cost of direct labor and, more
particularly, overhead to repair electronic equipment and systems
that fail in field operation. Our estimate indicates the total FY
1574 electronics maintenance costs to be about $5.4 billion, or an-
nually about 17 percent of the estimated in-use electronics inventory
value of $31,1 billion.

The astonishing aspect of our estimates is that in FY 1974 the
electronics support cost almost equals the electronics procurement
cost. Because force readiness and combat capability depend on effec-
~ive support of existing weapons, in periods of declining military
budgets and rising manpower costs, such as the current epoch, one can
expect support expenditures to decline more slowly than procurement
expenditures, and the ratio of support expenditures to procurement

expenditures to increase.
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H. VALIDITY OF THE STATEMENT OF THE PROBLEM

Despite the increasing utilization of electronics in military
weapons systems and the increasing dependence of these weapons sys=-
tems upon electronics for attainment of the specified weapon-system
performance, the percentage of the defense budget going to electronics,
excluding electronics-associated military personnel costs, is declin-
ing. Figure II-1 shows the estimate of the Electronic Industries As-
sociation (EIA)3 of the electronics content of the defense budget for
Fiscal Years 1962-1974.%

20
PERCENIA
. GE of I
= . .
.
= L
\
- L]
I QM e —
. O

10 >

0 1 1 1 )| 1 1 | 1 1 L
1962 1965 1970 1975
FISCAL YEAR

FIGURE lI-1. Electronics Content of the Defense Budget (EIA Estimates)

%
The EIR estimates are smaller than ours, but are used here to pre-
serve consistency in the method of estimating over the 13-year
period depicted.
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During the period 1960-1970, Pelehacin estimates that electronic
reliability on a per-part basis has grown by an average factor of 4,
as illustrated in Fig. II-2.
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FIGURE 11-2. Avionics Reliability Trends

It is paradoxical, then, that electronics is seen to be increas-
ing in cost and to be of unsatisfactory reliability, and it is im-
portant to the discussion that follows that the reasons underlying

this perception be understood.

One aspect of concern lies in the rising cost of military man-
power, which now constitutes 32 percent of the military budget, as
opposed to 26 percent in 1964, The economic cost of an Army elec-

tronics technician at the E-5 level, for example, has risen 39 percent
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since 1966.5 During the same period, the implicit GNP deflator has
risen by only 28 percent. Secondly, the military electronics inven-
tory is estimated to have grown by 10 percent in the last four years.
Such growth, combined with the increase in cost of the personnel
needed to maintain the inventory, would account for a perceived es~-
calation in the aggregate cost and the fraction of the budget devoted
to electronic maintenance. Finally, individual electronic systems

and subsystems are getting bigger (Fig. II-3), costlier, and more com-

plicated.

Figure II-4 illustrates the cost growth trend for new types of
combat aircraft.6 An average growth rate cver more than five decades
of about 12 percent per year, or a factor of 3.1 per decade, is indi-
cated. Though the electronics content varies from aircraft to air-
craft, the average electronics fraction of total aircraft cost has
increased from about 10-20 percent in the 1950s to 20-30 percent in
the late 1960s and early 19705.7 Thus, the new-generation avionics
cost increases at a rate of perhaps 18 percent per year, more rapidly
than the new-generation aircraft cost., Though combat aircraft have
been used as an example, similar trends exist in other weapon systems,

The relationship between unit production cost and field relia-
bility is illustrated for Air Force avionics equipment by Fig. II-5,
the date points of which have been drawn from @ number of sources,
and include tube, transistor, integrated=-circuit, and hybrid equip-
ments of various vintages. Both cost and reliability are functions
of equipment complexity. As complexity increi3ces, cost increases and
reliability, as measured by mean flight !.ourc between failures (MFHBF),
decreases. Thus, Fig. II-5 shows a median relationship® in which

MFHBE = 1.3 x 10%/cost .

A similar relationship based on limited data is found for Army Area
Communications Systems (AACOMS): Field MTBF = 107/cost.
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INSTALLED AVIONICS WEIGHT, pounds
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From this relationship, field reliability of avionics can be crudely
predicted (within a factor of 3) when cost is known. If, for example,
an equipment costs $100,000, it can be expected to have an MFHBF of
13 hours; if it costs $1,000, the expected MFHBF is 1,300 hours.

The inverse MFHBF-versus-cost relationship of Fig. II-5 explains
the frequent occurrence of the question, "why, when my electronic

equipment is so expensive, is it so unreliable?"9 It also shows why

; annual repair costs for avionics can be crudely estimated as a con-
g stant fraction of production cost: failure rate is proportional to
i3
t"\

production cost, and annual repair costs are proportional to failure

rate.

It now becomes much clearer why electronics cost and reliability

excite concern. The costs of new-generation weapons systems elec-
tronics have been rising at rates of between 15 and 20 percent per

year, which means that the number of weapons systems that can be pur-
chased from a fixed budget is rapidly declining. At the same time,
the annual 15 percent rate of growth in reliability of electronics as
: technology advances is, at best, barely keeping pace with the rate at
; which the complexity of new-generation weapons systems electronics is
{ increasing, with the result that electronic subsystem reliability is
at a standstill.

] I. IS THE PROBLEM SOLVABLE?

Simplify, etitmplify.
--Henry David Thoreau

The question remains: Can the problems of excessive cost and
inadequate reliability of military electronic equipment be solved?

Figure II-5 yields indications of potential solutions. The first
of these derives from the empirically observed trend showing that re-
liability goes down when unit production cost goes up. An equipment
of half the unit production cost (and, consequently, half the com-
plexity) of another can be expected to have twice its reliability.
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This suggests that if requirements can be purged of complicating but
unnecessary performance stipulations, and if equipment specifications
can be stripped of difficult but nonessential design demands, simul-
taneous reduction in cost and improvement in reliability might be

attained.

The second observation to be made from Fig. II-5 is that there is
substantial spread in the results: certain equipments are three or
more times more reliable in the field for a given cost than the median.
Among these are three data points in Fig. II-5 that deserve special

attention.

All three represent cost versus reliability for avionic equipments
that underwent special programs for the development of reliability.

(The results of the three are not directly comparable to each other be-
cause of differences in operating environment and methods of reliabil-
ity measurement.) The point R represents the General Electric AN/APQ-
113 radarlo’ll for the F-1ll aircraft. The point WL represents the
Bendix RDR-1lF weather radar used by commercial airlines and maintained
by the supplier under contractor maintenance warranty. The point WF

represents the Delco Carousel IV inertial navigator used by commercial
airlines and the U,S. Air Force and also required to be maintained
under warranty. For these it can be deduced that there existed design,

workmanship, and parts-selection criteria and development approaches
that yielded very superior results, and it may be inferred that these
approaches can be found for other systems and applied, if there is

adequate incentive to do so. The search for such approaches forms a

major theme of this report.12’13

The relationship of MFHBF to unit production cost shown in Fig.
II-5 suggests a realizability criterion for avionics reliability, in
the absence of a more direct criterion based on complexity and tech-
nology. A realizability criterion is essential to answering such
questions as, "Is my equipment as reliable as it could be?" and
"Which are the problem equipments?" From Fig. II-5, it appears that
the superior equipments attain a field MFHBF of about 6 x 106/cost,
as opposed to the median of 1.3 x 106/cost.
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With the knowledge of what is attainable with difficulty and what
is commonly achieved, one can take a further step to establish an un-
acceptability criterion for avionics reliability., Figure II-5 repre-
sents observed results, but many of the equipments represented are
old, using vacuum-tube technology, and represent designs in which
reliability was given little or no attention. New equipments should
easily exceed the old median results. The reliability attainable with
special effort in development exceeds the old median by a factor of
4.6. Thus, a suggested lower limit of acceptability is the old median:

Field MFHBF = 1.3 x 106/cost .

Applying this criterion to the existing avionics inventory would,
of course, indicate that half the models in the inventory have less
than readily achievable reliability and should be candidates for im-

provement or replacement.

J. MILITARY UTILIZATION OF ADVANCING ELECTRONICS TECHNOLOGY

For the commercial market, the advance of technology hes mearnt,
in part, successive reductions of cost and weight and increased reli-
ability for given functional components and systems. As a typical
example, an electronic calculator of 1962 vintage had about 3000 tran-
sistors, weighed 40 1b, and was priced at $2200, while the equivalent
1973 calculator performs id<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>